Neuroblastoma, a neuroendrocrine tumor arising from any neural crest element of the sympathetic nervous system, accounts for eight to ten percent of all solid tumors in children. Advances in chemotherapeutic regimen and complex treatment have improved the prognosis of many types of pediatric cancer. Starkly however, the prognosis of neuroblastoma has not gained significant progress, especially the rates of metastasis for advanced patients, recurrence and long term survival (< 40%) [1] . A fraction of cancerous cells, termed cancer stem cells, demonstrate proliferative and pluripotent capacity and determine the initiation and development of cancer [2] . In addition, cancer stem cells are correlated with tumorigenesis, metastasis, recurrence and drug resistance. Support for the cancer stem cell hypothesis has been demonstrated by studies involving tumorigenic surface marker expression. CD34 + /CD38 cancer stem cells have been found in human acute monocytic leukemia [3] and CD44 + /CD24 cancer stem cells have been isolated from breast cancer [4] . Subsequently, cancer stem cells have been identified in numerous solid cancers. The existence of 窑Original Article窑 www.cjcsysu.cn cancer stem cells may be the main reason for poor prognosis of advanced neuroblastoma. As cancer stem cells account for less than one percent of the total cancer cell population, their isolation and purification is a major obstacle to be overcome in an effort to further elucidate cancer stem cell biology.
Cells endowed with the properties of selfrenewal and proliferation form floating spherical structures when growing in serumfree medium supplemented with epidermal growth factor (EGF) and basic fibroblast growth factor (bFGF). These spheres enrich stem cells and progenitor cells, facilitating differentiation into three dimensional structures [5] . Single cells isolated from tumor spheres can proliferate and form spheres in serumfree medium, whereas differentiated cells expire.
sphere formation and serial passage are considered hallmarks of stem cells and progenitor cells. Therefore, cancer stem cells can be cultured to homogeneity in specific, serumfree medium.
The method of sphere formation was initially employed for the isolation and analysis of mammalian nervous system and breast stem cell tissue. In succeeding studies, stem cells and progenitor cells originating from cancerous tissue were found to generate tumor spheres [6] . Neurospheres, initially isolated and amplified from human neuroglioma, maintain the properties of neural stem cells and inherit the morphology and genotype of primary neuroglioma [7] . sphere formation has been widely applied for isolating cancer stem cells from breast and brain cancer. However, the application of sphere formation has not been elucidated for neuroglioma. In the present study, neuroglioma cells were cultured in specific, serumfree medium, establishing a new method for the isolation and purification of neuroglioma cancer stem cells. DMEM/F12, B27, type I collagenase and 0.25% trypsin (GIBCO, USA), EGF and bFGF (Invitrogen, USA), 13cis retinoic acid (Sigma, USA), reverse transcription kit (Promega, USA), and ExTaq PCR kit (Takara Bio, Japan) were purchased. Nude mice (46 weeks old) were purchased from SLRC laboratory animal center (Shanghai, China); the license number was SCXK (Hu) 20070005.
Three milliliters of bone marrow aspirate were obtained from pediatric patients diagnosed with stage IV neuroblastoma. Single cells were dissociated by Ficoll and cultured in serumfree DMEM/F12 medium supplemented with 20 滋 mol/L EGF, 20 滋 mol/L bFGF and 2% B27 in 25 cm 2 flasks, plated at a density of 1 伊 10 5 cells/mL and incubated at 37益 in a humidified 5% CO 2 incubator. Fresh medium was added to the cells every three days. Cells were passaged at the ratio of 1 : 3 every seven days.
Tumor spheres were collected by filtering, dissociated into single cells and cultured in DMEM/F12 supplemented with 10% FBS. After cells were adherent, 5 滋 mol/L 13cis retinoic acid (diluted in DMSO) was added to cells to induce cell differentiation. Cells were passaged by trypsinization every three days and 13cis retinoic acid was added.
Tumor spheres were dissociated into a single cell suspension at the concentration of 1 伊 10 3 cells/mL. Cells were diluted 100 times to form a 10 cells/mL suspension in 20 mL of serumfree medium. 100 滋 L of suspended cells were seeded, in triplicate, into each well of a 96 well plate. Single cells were marked and observed every day. The cloning formation rate and single cell tumor sphere formation rate was calculated after 7 days.
RNA was extracted from primary neuroblastoma cells and sphereforming cells; cDNA was synthesized according to manufacturer爷s instructions (Promega). The expression of stem cell markers Bmi1 and Oct4 was detected by RTPCR, with GAPDH serving as a negative control. The primers for Bmi1 were 5'GTGTGTGCTTTGTGGAG3' and 5'TGGTCTGGTCTTGTGAAC3'; the product was 149 base pairs. The primers for Oct4 were 5'GACAACA ATGAAAATCTTCAGGAG 3' and 5'TTCTGGCGCCGGT TACAGAACCA 3'; the product was 218 base pairs. The primers for gapdh were 5'GGACCTGACCTGCCGTCTAG 3' and 5'TAGCCCAGGATGCCCTTGAG3'; the product was 99 base pairs.
The
primer, 1 滋 L reverse primer and 12.875 滋 L water with cycling as follows: predenaturalized at 94益 for 5 min, denaturalized at 94益 for 30 s, annealed at 50益 (Oct4) /52益 (Bmi1)/56益 (GAPDH) for 30 s and extended at 72益 for 30 s (30 cycles) and followed by a extension at 72益 for 2 min.
Four to six week old nude mice were maintained and treated under pathogenfree specific conditions. Generation two and three neurospheres were dissociated into single cell suspensions and cell concentrations were adjusted to 2 伊 10 7 /mL, 2 伊 10 5 /mL, 2 伊 10 4 /mL or 2 伊 10 3 /mL. Adjusted cells were diluted with phosphate buffered saline (PBS) at a 1 : 1 ratio and were subcutaneously injected into the armpit of nude mice (1 伊 10 6 , 1 伊 10 4 , 1 伊 10 3 or 1 伊 10 2 cells; respectively). Each serial dilution was implanted in triplicate mice. Tumor xenograft formation was observed twice every week. Tumor xenografted mice were sacrificed by cervical dislocation and fixed in 75% ethanol for 15 min. Xenograft was collected and immersed in methanol or cut into 1 cm 2 pieces and digested in 0.15% type I collagenase at 37益 . Upon forming a single cell suspension (810 h), cells were rinsed with PBS three times and cultured as previously described. Cells were reinjected into nude mice 3 weeks later.
Floating tumor spheres were formed within 4 to 6 days of culturing in serumfree medium ( Figure 1A ). After 7 days, cells were passaged, forming new tumor spheres. As shown in Figure 1B , spheres were adherent and differentiated after culturing in medium containing 10% FBS.
Employing a single cell tumorsphere formation assay, three types of cell morphology were observed. Type 1: forming classic single tumor sphere; type 2: cells were adherent and distributed diffusely; type 3: forming multitumor spheres. The average formation rate of tumor spheres was 55.3% (types 13). The single cell tumor sphere formation rate was 26.3% (types 1 and 3), indicating spheres display different states of division and proliferation, attributed to different states of differentiation. 44.7% of cells were totally differentiated, verified by a lack of proliferation under serumfree conditions. 29% of cells were relatively differentiated and proliferative, but distributed diffusely or were adherent and did not form spheres. Cells with stem cell characteristics accounted for 26.3%, generating floating spheres which ultimately formed multitumor spheres ( Figure 2 
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Despite the acceptance of the cancer stem cell hypothesis, little progress has been made toward understanding the biological characteristics of cancer stem cells, principally due to technical difficulties in their isolation and purification. Several methods have been employed for isolation and identification of cancer stem cells, including side population (SP) and ALDEFLUOR assays. However, these methods are complex and expensive [8] . The simplicity and convenience of the in vitro single cell tumor sphere formation assay has been successfully applied to the isolation of many types of cancer stem cells.
In the present study, floating spheres formed from primary neuroblastoma cells after 4 to 6 days of culturing in serumfree medium supplemented with EGF and bFGF. Moreover, sphereforming cells survived continuous passage in culture. In contrast, tumor cells which did not proliferate under serumfree conditions expired during serial passage. Our results reveal a fraction of primary neuroblastoma tumor cells can proliferate without serum.
Similar to stem cells, cancer stem cells are proliferative and differentiate [8] . Floating spheres remained stable under repeated passage in culture. Also, sphereforming cells formed xenografts in nude mice. The rates of xenograft formation of the second generation and third generation were 75% and 100% respectively, indicating a fraction of Oct4 and Bmi1 are important factors contributing to the proliferation and differentiation of stem cells, as well as maintaining stem cell character [9, 10] . We showed elevated Oct4 and Bmi1 expression in sphereforming cells relative to primary tumor cells, suggesting a sphere population contains a greater proportion of stem cells than in a primary tumor cell population.
A cell population includes stem cells, progenitor cells, rapid proliferated cells and differentiated cells. Multipotent stem cells produce progenitor cells possessing a broad differentiation potential. Progenitor cells further differentiate into rapid proliferated cells, which finally generate differentiated cells. Like normal stem cells, the development of cancer stem cells displays a process of gradual differentiation [11] . Applying the single cell tumor sphere formation assay, we observed tumor spheres include several cell types. Well differentiated cells did not form single cell tumor spheres. Partially differentiated cells formed single cell spheres, but not tumor spheres. Undifferentiated stem cells and progenitor cells formed single cell tumor spheres (26.3% ) at a much higher percentage than primary tumor cells ( < 1%).
Sphereforming cells, endowed with the capacities of self renewal and the potential to differentiate, expressed 
